Fossil tree resins preserve a wide range of animals, plants, fungi and microorganisms in microscopic fidelity. Fossil organisms preserved in an individual piece of amber lived at the same time in earth history and mostly even in the same habitat, but they were not necessarily parts of the same interacting community. Here, we report an in situ preserved corticolous community from a piece of Miocene Dominican amber which is composed of a lichen, a moss, and three species of leafy liverworts. The lichen is assigned to the extant genus Phyllopsora (Parmeliaceae, Lecanoromycetes) and described as P. magna Kaasalainen, with open areas, and were rich in epiphytes (Grimaldi, 1996). Based on its animal and plant inclusions, the Dominican amber forest has been characterized as a moist tropical forest, which was not remarkably different from the modern Neotropical lowland rainforest (Grimaldi 1996; Poinar & Poinar 1999). Three species of lichens, 22 species of liverworts, and 29 species of mosses have so far been described from Dominican amber, of which the liverworts clearly represent extinct taxa (Poinar et al. 2000; Rikkinen & Poinar 2008; Heinrichs et al. 2015a). Also the fossil lichens have been described as representatives of extinct species, however, the absence of several important chemical and apothecial characters hinders a reliable differentiation between the fossil and morphologically similar extant species (Poinar et al. 2000; Rikkinen & Poinar 2008 DNA sequence variation of extant species provides certain likelihood for a species age that is in accordance with the age of the amber (Heinrichs et al. 2013b , Villarreal & Renner 2014 Heinrichs et al. 2015b; Váňa et al. 2015) .
Epiphytes grow upon other plants and typically derive their moisture and nutrients mainly from the air and rain. Epiphytic plants and lichens may comprise a remarkable proportion of the forest flora and biomass, and they are ecologically important in intercepting and retaining atmospheric moisture, providing habitat and food source for various invertebrates, and in some cases, also contributing fixed nitrogen into the ecosystem (Nash 2008; Hietz 2010; Köhler et al. 2010) . Vascular plants, like ferns, bromeliads and orchids form an important proportion of the epiphytic community (Hietz & Hietz-Seifert 1995; Krömer et al. 2005;  Hietz 2010), however, non-vascular cryptogams such as mosses and liverworts can make up more of the photosynthetically active epiphytic biomass in these forests than all the other plant groups put together (Hofstede et al. 1993) . The overall prominence and species richness of non-vascular epiphytes including bryophytes and lichens increases together with humidity (Gradstein & Pócs 1989; Hietz 2010) . Moist tropical forests harbour the most diverse epiphytic communities, although epiphytic bryophytes and lichens occur in almost all biomes, interacting together as a functional epiphytic community (Cornejo & Scheidegger 2016) .
Dominican amber has preserved a plethora of Miocene species such as arthropods, plants and sometimes also fungi and lichens (reviewed in Penney 2010; Heinrichs et al. 2013b; Lóriga et al. 2014; and Heinrichs et al. 2015a ). This fossil resin derives from extinct species of the extant leguminous tree genus Hymenaea L. (Langenheim 1966; Hueber & Langenheim 1986; Poinar 1991; Poinar & Brown 2002) , and has an estimated age of [15] [16] [17] [18] [19] [20] Ma (Iturralde-Vinent and MacPhee 1996; Penney 2010) . These trees grew in tropical forests with open areas, and were rich in epiphytes (Grimaldi, 1996) . Based on its animal and plant inclusions, the Dominican amber forest has been characterized as a moist tropical forest, which was not remarkably different from the modern Neotropical lowland rainforest (Grimaldi 1996; Poinar & Poinar 1999) . Three species of lichens, 22 species of liverworts, and 29 species of mosses have so far been described from Dominican amber, of which the liverworts clearly represent extinct taxa (Poinar et al. 2000; Rikkinen & Poinar 2008; Heinrichs et al. 2015a) . Also the fossil lichens have been described as representatives of extinct species, however, the absence of several important chemical and apothecial characters hinders a reliable differentiation between the fossil and morphologically similar extant species (Poinar et al. 2000; Rikkinen & Poinar 2008) . Some moss fossils from Dominican amber have even been suggested to represent extant species (Frahm & Newton 2005 ) but recent analyses strongly suggest that assignments of bryophyte fossils from Cenozoic ambers to extant species should only be conducted if a congruent morphology is present and if the F o r P e e r R e v i e w 4 DNA sequence variation of extant species provides certain likelihood for a species age that is in accordance with the age of the amber (Heinrichs et al. 2013b , Villarreal & Renner 2014 Heinrichs et al. 2015b; Váňa et al. 2015) .
Here, we present a piece of Dominican amber that provides a window on a Miocene Caribbean epiphyte community. The virtually in situ preserved cryptogamic community includes a new species of the extant lichen genus Phyllopsora, a moss that is similar but clearly distinguished from the modern genus Aptychella and therefore assigned to the new fossil genus Aptychellites, as well as three extinct species of the extant leafy liverwort genera Cheilolejeunea, Lejeunea, and Radula. The members of this community are distinct from extant Caribbean species, further substantiating the notion of a stasis in morphotype diversity but a certain turnover of species in the Caribbean since the early Miocene as recently suggested by Schneider et al. (2015) . It is also in line with the hypothesis of Poinar and Poinar (1999) that many of the plants and animals preserved in the Miocene Dominican amber do not have immediate extant descendants.
Material & Methods
The fossilized epiphytes are preserved in a ca 3 cm x 2 cm x 0.8 cm sized piece of Dominican amber which is housed in the amber collection of the American Museum of Natural History in New York (AMNH DR-15-3). The amber specimen originated from the amber mines in the Cordillera of the Dominican Republic.
The mines in the Northern, Eastern and Western parts of the Dominican Republic yield ambers with an estimated age of 15-20 million years (Iturralde-Vinent & MacPhee 1996; Penney 2010) . The amber surface was ground and polished manually with a series of wet silicon carbide abrasive papers (grit from FEPA P 600-4000, i.e., 25.8 µm to 5 µm particle size, Struers) to minimize light scattering during the investigation. Portions of the lichen thallus reaching the amber surface were further polished to visualise the thallus section (Fig. 2D) . The prepared specimen was placed on a glass microscope slide with a drop of water applied to the upper surface of the amber, and covered with a glass coverslip. The inclusions were examined under a Carl Zeiss Stemi 2000 dissection microscope and a Carl Zeiss Axio Scope A1 compound microscope equipped with Canon 5D digital cameras. In most instances, incident and transmitted light were used simultaneously. Oblique incident light was obtained using a goose-neck light guide of a Carl Zeiss CL 1500 Eco cold light 
Results
Amber piece AMNH DR-15-3 contains five cryptogam species: a lichen, a moss and three leafy liverworts. None of the inclusions is assignable to extant species.
Lichens
Phylum Ascomycota Cavalier-Smith Fig. 2A-B, D) . Shape of the squamules varying from wide flabellate to elongate, with undulating to slightly lobate margins ( Fig. 2A-C ). Upper surface glabrous and brown, paling towards the margins ( Fig. 2A) . Cortex very thin (2 to 4 µm; Fig. 2D ). Medulla composed of pale hyphae (Fig. 2D ). Lower surface with a pseudocortex, formed by white (occasionally with a hue of rusty-brown), loosely and mainly longitudinally organized hyphae (Fig. 2B, D) . Isidia elongate, cylindrical to clavate, developing horizontally from the margins of the squamules (Fig. 2C) . Ascomata or pycnidia not detected.
Holotype: American Museum of Natural History in New York, USA, AMNH DR-15-3. The large thallus portion shown in Fig. 2A (middle) represents the holotype. Etymology: Intecta (Latin: uncovered, exposed, naked). The species epithet refers to the frequently caducous leaf lobes which are frequently detached in the fossil. Etymology: The genus name points to the similarities of the fossil to the extant genus Aptychella. The species epithet emphasizes the presence of an extinct taxon.
Discussion
The five epiphyte species preserved in amber piece AMNH-DR-15-3 were part of a The fossil lichen does not seem to have had a prothallus, a characteristic structure of many extant Phyllopsora species. However, the base of the thallus is covered by bryophytes and thus not clearly visible. Some rusty hued hyphae occur among the otherwise white pseudocortex hyphae, possibly indicating the presence of a poorly developed prothallus, which is reddish brown in the extant taxa. However, also several extant, especially Neotropical, Phyllopsora species do not seem to produce prothalli (Timdal 2008 (Timdal , 2011 . The structure of the upper cortex is an important feature used to discriminate between extant Phyllopsora species (Swinskow & Krog 1981) . The cortex structures of most taxa can be classified into one of two main types, but also intermediate forms are common. In one type the cortex hyphae are highly gelatinized and their lumina reduced to narrow thread-like channels reminding a network, while in the other type the hyphae are much less gelatinized and the cortex formed by isodiametric cells (Swinskow & Krog 1981) . The thickness of the cortex may vary from five to 60 micrometres and seems to be related to the size of the squamules (Swinskow & Krog 1981; Brako 1991) . The cortex of Phyllopsora magna is very thin and not assignable to the main structure types. Similar, poorly developed upper cortices are known from some extant Neotropical Phyllopsora species (Timdal 2008 (Timdal , 2011 .
The combination of characters observed in Phyllopsora magna is unique and the species thus seems to represent an extinct, fossil taxon. The previously known Phyllopsora dominicanus more resembles extant species and cannot be confidently separated from all of them on morphological grounds (Rikkinen & Poinar 2008) . Two fossil Parmelia species previously described from Dominican amber were only tentatively placed in that genus, and may well represent other parmelioid genera (Poinar et al. 2000) . (Yamada 1983) and Radula schaefer-verwimpii Yamada (Yamada 1990 ) in having caducous leaves, however, the leaf margins of both extant species lack the ciliate outgrowths of R. intecta. Such cilia are present in some forms of the polyphyletic Radula javanica Gottsche (Renner 2014) ; however, this extant species has a puncticulate leaf lobe cuticle and is more robust than R. intecta. The combination of subquadrate lobules whose lamina is plane (not reflexed) and exterior margin straight and inclined toward the stem, dislocation of nearly all leaves on both primary and secondary shoots, and production of rhizoids from leaf lobe marginal cells is distinctive for the new fossil. (Pylaisiadelphaceae) (Tan & Jia 1999) Among pleurocarpous mosses, terminal clusters of filamentous gemmae are typical clusters of the Dominican amber fossil suggest a relationship with Aptychella, the strongly concave and rather densely denticulate, spreading leaves are untypical for this genus (Tixier 1969 Frahm (1993) in the Dominican amber collection of the Naturkundemuseum Stuttgart, however, Frahm identified it as "Clastobryum spec.".
Liverworts. All observed liverworts belong to
Beside the terminal clusters of gemmae, we observed a single gemma in the axil of a leaf;
however, felt unable to decide if this gemma originated at the leaf base or in fact represents a detached gemma from a terminal cluster. We were also not able to decide on the number of individuals preserved in the piece of amber since it is difficult to see if some of those that appear connected are in fact separate pieces.
Palaeoecology
The taxonomic diversity of organisms and the habit of the bryophytes preserved in amber piece AMNH DR-15-3 closely resemble extant epiphytic communities living on trunks and branches in lowland to submontane and relatively humid Caribbean tropical forests. Extant
Phyllopsora species grow primarily on bark in humid forests of the tropics and subtropics, but sometimes also on bryophytes (Swinskow & Krog 1981; Brako 1991; Timdal & Krog 2001; Mishra et al. 2011; Timdal 2011) . The poorly developed upper cortex and the relatively large, ascending lobes without proper lower cortex enable efficient water evaporation and suggest a moist and shaded environmental preference. Coexistence with the moisture-binding bryophytes might have facilitated the maintenance of the favourable microclimatic conditions. Pleurocarpous mosses and Porellalean liverworts are known to include numerous epiphytes and are common elements of the Dominican amber forest (Frahm & Newton 2005; Heinrichs et al. 2013b Heinrichs et al. , 2015a . Many of these species are exposed to direct sunlight and thus need to cope with periodical dehydration. The water lobules and sacs in Frullaniaceae, Lejeuneaceae, and Radulaceae have been interpreted as adaptations to a dryer environment (Cornelissen & Ter Steege 1989; Kürschner et al. 1999; Acebey et al. 2003) 
